Background-Chronic thromboembolic pulmonary hypertension (CTEPH) is often a sequel of venous thromboembolism with fatal natural history; however, many cases can be cured by pulmonary endarterectomy. 
C hronic thromboembolic pulmonary hypertension (CTEPH) most often results from obstruction of the pulmonary vascular bed by nonresolving thromboemboli. Chronic thromboembolic pulmonary hypertension can arise in patients after acute or recurrent pulmonary emboli or deep venous thrombosis. 1, 2 Increased pulmonary vascular resistance (PVR) subsequently leads to progressive pulmonary hypertension and right heart failure. In the nonoccluded areas, a pulmonary arteriopathy indistinguishable from that of pulmonary arterial hypertension (PAH) can develop and contribute to disease progression. 3 The incidence of CTEPH is not known, but recent studies suggest that 1% to 3.8% of patients develop the condition within 2 years of acute pulmonary embolism. 4, 5 Without intervention, the prognosis of patients with CTEPH is poor and depends on the hemodynamic severity of pulmonary hypertension. 6, 7 
Clinical Perspective on p 1981
Progress in surgical and medical treatment over the past decade has considerably improved the outcome of CTEPH patients. The only potentially curative treatment is surgical removal of the obstructive material by pulmonary endarterectomy (PEA). 8 However, a substantial percentage of patients with CTEPH are not operable, and Ϸ10% to 15% of operated patients suffer from persistent pulmonary hypertension. 9 These patients may benefit from PAH-targeted therapies. 10 -13 Previously, retrospective data have been collected from 4 European referral centers for CTEPH from Austria, Czech Republic, Germany, and Slovak Republic, 14 and a national CTEPH registry was established in the United Kingdom. 15 Here, we present short-term data from the first prospective, large-scale, international registry of patients with CTEPH including operable and nonoperable cases. We describe history and current diagnostic and treatment procedures of newly diagnosed CTEPH patients and potential associated conditions.
Methods

Study Design
This prospective registry was designed to include newly diagnosed (Յ6 months) consecutive patients with CTEPH who did not receive PAH-targeted treatment before diagnosis from centers in Europe and Canada between February 2007 and January 2009. The registry protocol did not interfere with the management of patients by their physician. Formal ethics approvals were obtained when required by the country's regulatory agency. The observation period was from study inclusion until death/transplantation or data analysis cut off (December 2009). Long-term follow-up is on-going.
Inclusion Criteria
At all participating institutions, the diagnosis of CTEPH was established according to clinical guidelines valid at study initiation 16 and within 6 months of inclusion in the registry. To qualify for inclusion, patients had to be Ն18 years of age and pulmonary hypertension was to be confirmed by right heart catheterization 16 indicating a mean pulmonary artery pressure (mPAP) Ն25 mm Hg at rest or Ն30 mm Hg after exercise and a pulmonary capillary wedge pressure Յ15 Chronic thromboembolic pulmonary hypertension mm Hg (or Ͼ15 mm Hg if justified).
Chronic thromboembolic pulmonary hypertension was to be confirmed as the cause of pulmonary hypertension by abnormalities in ventilation/perfusion scan (at least 1 mismatched segmental perfusion defect), computed tomography (CT) scan, and/or in pulmonary angiography. Proximal lesions (webs, bands, and narrowed vessels) were identified by CT scan/pulmonary angiography. Before diagnosis, patients were required to have at least 3 months of anticoagulation therapy and no PAH-targeted treatment.
Data Collection
Data were obtained from assessments that are routinely performed for CTEPH patients in clinical practice including medical history, clinical signs and symptoms, diagnosis, and treatment procedures.
Surgery
The PEA procedure has been described previously. 8, 17 Criteria for nonoperability included distal pulmonary artery obstructions, imbalance between increased PVR and amount of accessible occlusions suggesting microvascular disease, PVR Ͼ1500 dyn ⅐ s ⅐ cm Ϫ5 , age, and comorbidity. Persistent pulmonary hypertension after PEA was defined as mPAP Ͼ25 mm Hg by right heart catheterization or systolic pulmonary arterial pressure Ͼ40 mm Hg by echocardiography.
Statistical Analysis
Data were analyzed with the SAS software package version 9.2. Results are expressed as medians with first and third quartiles (Q1-Q3) or numbers and percentages of patients with the assessment. Operable and nonoperable patients were compared using the Wilcoxon rank-sum test for continuous variables and the Fisher exact test for categorical variables. The reported P values are to be interpreted in the exploratory sense.
Results
Study Population
Between February 2007 and January 2009, 679 consecutive patients with recently diagnosed (Յ6 months) CTEPH were prospectively enrolled in 26 European centers and 1 Canadian center across 16 different countries. At the time of data cut-off, patients had been included for a minimum of 10 months; for 107 patients, follow-up in the registry was terminated because of death (nϭ62), transplantation (nϭ1), move to another center (nϭ35), loss of follow-up (nϭ4), patient's request (nϭ3), and other reasons (nϭ2). On the basis of the surgeon's assessment, 427 patients (63.3%) were considered operable and 247 (36.6%) nonoperable (5 patients missing data). Nonoperability was due to inaccessibility of the occlusions (nϭ118), imbalance between increased PVR and amount of accessible occlusions (nϭ25), PVR Ͼ1500 dyn ⅐ s ⅐ cm Ϫ5 (nϭ6), age (nϭ5), comorbidities (nϭ33), or other reason (nϭ56) (4 patients missing data). The patient population was divided per treatment intention into 2 groups: operable and nonoperable. At the time of data cut-off, 386 patients (56.8%) had undergone surgery (these operated patients have been described elsewhere 17 ); 37 operable patients had refused the procedure and did not have surgery and 7 had died before surgery (the Figure) .
The characteristics of the patient population at inclusion are summarized in Table 1 . The median age was 63 years, and 50.1% were men. The operable group was younger (median: 61 years) and included more men (53.4%) than the nonoperable group.
Most patients consulted first a pulmonologist (35.1%) or a cardiologist (34.4%) (nϭ678). At the time of CTEPH diagnosis, a median of 14.1 months had passed since the first symptoms were observed (Q1-Q3: 7.5-32.8 months, nϭ637): 14.9 months for operable and 13.1 month for nonoperable patients (Pϭ0.4051). The median time from last acute pulmonary embolism to CTEPH diagnosis was 12.5 months (Q1-Q3: 5.7-33.6 months, nϭ448): 12.0 months for operable and 13.9 months for nonoperable patients (Pϭ0.3609). Most common presenting symptoms were: dyspnea (99.1%), edema (40.5%), fatigue (31.5%), chest pain (15.3%), or syncope (13.7%) (nϭ676). At diagnosis, the majority of patients were in NYHA functional class III or IV. Operable patients did not differ from nonoperable patients relative to symptoms and NYHA class, although their walking distance tended to be higher, which could also be associated with younger age (Table 1) . Hematologic, biochemical and pulmonary function parameters were similar in both groups. Overall, blood group non-0 was more frequent (76.0% overall; 79.5% operable, 68.4% nonoperable patients, Pϭ0.0255) than observed for the general population (45%-70% in Europe and Canada).
Previous pulmonary embolism was confirmed for 74.8% of all patients, and was more frequent and recurrent in the operable group of patients (Table 2) . In this group, more patients had previous massive pulmonary embolism. Previous deep vein thrombosis was observed in 56.1% of patients and was also more common in the operable group of patients (Table 2) . After an acute pulmonary embolism or deep vein thrombosis event, patients received anticoagulants, including oral anticoagulants (nϭ492/519), low molecular weight heparin (nϭ23), unfractionated heparin (nϭ3), and/or other (nϭ16). Thrombolytic treatment was initiated in 14.4% of patients and a vena cava filter or clip was placed in 12.4% of patients as prevention for recurrent pulmonary embolism. Operable patients had more frequently been treated with thrombolytics possibly because of the high incidence and severity of pulmonary embolism (Table 2 ).
An additional cause potentially contributing to pulmonary hypertension was documented in 20.9% of patients (Table 3) . This percentage was lower for the operable group (17.1%) than for the nonoperable group (27.2%). In both groups, the most frequent associated condition was chronic obstructive pulmonary disease. The occurrence of medical conditions known previously to be associated with pulmonary embolism and CTEPH is listed in Table 4 . A thrombophilic disorder and a family history of deep vein thrombosis or pulmonary embolism were more frequent in the operable group, whereas previous splenectomy, major surgery, congestive heart failure and a history of cancer were more frequent in the nonoperable group (Table 4) . A history of cancer was reported for over 12% of the patients (10.1% operable and 16.6% nonoperable patients). Among 426 assessed patients, 118 (27.7%) had at least one established thrombotic risk factor including lupus anticoagulant/antiphospholipid antibodies (10.1%), protein S and C deficiency (9.6%; 8.9%), activated protein C resistance including Factor V Leiden mutation (7.7%), prothrombin gene mutation (3.5%), and antithrombin III deficiency (0.7%). At least one of these risk factors was documented in 30.5% of operable patients and in 22.3% of nonoperable patients (Pϭ0.0839). In addition, Factor VIII was elevated in some patients (150% Ͻ Factor VIII Ͻ230% (nϭ19, 4.5%), or Factor VIII Ն230% (nϭ14, 3.3%)).
CTEPH Diagnosis
The diagnostic evaluations are presented in Table 5 . Right heart catheterization data indicated clinically significant pulmonary hypertension with elevated PVR (median: 709 dyn ⅐ s ⅐ cm Ϫ5 , mean: 782 dyn ⅐ s ⅐ cm Ϫ5 ) and mPAP (median and mean: 47 mm Hg). In 69 patients, the pulmonary capillary wedge pressure was found to be Ͼ15 mm Hg. These patients were nevertheless included in the registry as in the presence of major vessel obstructions, the assessment of wedge pressure may be difficult, or sometimes impossible. 18 Ventilation-perfusion lung scintigraphy showed abnormal perfusion scans in 98.7% of patients, whereas ventilation scans were abnormal in 19.0%. Pulmonary angiography demonstrated proximal lesions of the pulmonary artery in 63.0% of patients. Similar results were observed with CT pulmonary angiography, which indicated proximal lesions of the pulmonary artery in 60.4% of patients and also dilatation of bronchial arteries in 68.4% of patients. High resolution CT scan demonstrated mosaic perfusion pattern in 76.6% of patients. Proximal lesions and mosaic perfusion pattern were less common in the nonoperable patients.
Echocardiography revealed an enlarged right ventricle in 86.7% of patients (559/645) and abnormal right ventricular contractility in 66.7% (400/600).
Treatment at Diagnosis
At CTEPH diagnosis, 37.9% of the patients initiated at least one PAH-targeted therapy including phosphodiesterase type V inhibitor, endothelin receptor antagonist or prostacyclin analog ( Table 6 ). The operable group received less PAHtargeted treatments than the nonoperable group (28.3% versus 53.8%; PϽ0.0001).
Surgery
Surgical management and risk factors for in-hospital and 1-year death have been presented elsewhere in detail. 17 Briefly, out of 384 assessed operated patients, 189 (49.2%) had a perioperative complication; 18 (4. 7%) patients died in hospital. After surgery, hemodynamics were markedly improved for patients with an assessment within 1 year after PEA: the median PVR decreased from 736 dyn ⅐ s ⅐ cm Ϫ5 before surgery to 248 dyn ⅐ s ⅐ cm Ϫ5 at the end of intensive care (Q1-Q3: 530 -1010 and 180 -398 dyn ⅐ s ⅐ cm
Ϫ5
, respectively, nϭ252) and from 698 dyn ⅐ s ⅐ cm Ϫ5 before surgery to 235 dyn ⅐ s ⅐ cm Ϫ5 within 1 year after surgery (Q1-Q3: 501-989 and 178 -320 dyn ⅐ s ⅐ cm
, respectively, nϭ70).
Per Country Analyses
The demography and management characteristics were collected for patients living in 16 countries, and, not surprisingly, differences were observed between individual countries. The median patient age in some countries could be as low as 55 years or as high as 68 years, and the percentage of men varied from 30.4% to 66.7%. Furthermore, the percentage of patients starting PAH-targeted treatment at diagnosis varied from 2.2% to 88.9%. The ranges for time from symptoms to diagnosis and to surgery were respectively 12 to 22 months and 12 to 116 days. A wide variation in nonoperability was observed between countries (from 12.0%-60.9%). Low-volume centers performing no or up to 10 PEAs per year (based on data from 2004 -2006) reported a higher 
Death/Transplantation
At the end of the observation period, 1 patient was documented as transplanted and 62 as dead. Most frequent causes for death were perioperative complications (nϭ18) and right 
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heart failure (nϭ17). Comparison between the operable and nonoperable patient groups will be performed once 3-year follow-up data are available.
Discussion
With 679 patients included from Europe and Canada, the present prospective registry represents the largest contemporary population of patients with CTEPH, including newly diagnosed operable and nonoperable cases. The aim of the current report is to describe the disease at presentation along with short-term outcome; long-term follow-up is currently ongoing. The main findings are differences in occurrence of associated medical conditions between operable and nonoperable patients despite similarities in disease presentation, suggesting that these patients represent 2 distinct subpopulations. Although PEA is the acknowledged treatment of choice for CTEPH, between 10% and 50% of referred patients may not be eligible for this procedure. 19 In the current registry, 36.6% of the evaluated patients (nϭ674) were assessed as nonoperable, with a large variation between countries (from 12.0% to 60.9%). Criteria for surgical suitability have been described, 20 but remain expertise dependent and ill-defined as there is currently no consensus among experts about the definition of proximal CTEPH, potentially curable with surgery, and distal CTEPH, presumably associated with small vessel arteriopathy and poor surgical outcome. 21 The registry results support the thromboembolic cause of CTEPH, with 74.8% of patients presenting with previous acute pulmonary embolism and 56.1% with previous deep vein thrombosis. This is in agreement with recent studies, 14, 18 but contrasts with previous retrospective reports indicating no history of venous thromboembolism in 40% to 60% of the patients. [22] [23] [24] Increased awareness of thromboembolism in the participating registry centers may have contributed to higher detection. As previously documented, 18 a history of acute pulmonary embolism was less common in patients with a nonoperable disease. These patients also had less massive pulmonary embolism, which is in line with a more distal disease and a possible process of in situ thrombosis. 25 In this registry, 12.4% of patients received a vena cava filter as a treatment for recurrent acute pulmonary embolism and, as previously reported, 17 only 40.2% of operable patients had a vena cava filter inserted, whereas this preoperative procedure has been systematically applied in other patient series. 8, 26 Although CTEPH patients are a heterogeneous group with respect to hemodynamic status and surgical accessibility of pulmonary thromboemboli resulting in operability or nonoperability, they presented also with many similarities at diagnosis, suggesting an underlying common disease process. In line with previous reports, 8, 14, 15 CTEPH was almost equally frequent in men and women in their sixth decade of life. Operable patients were younger than nonoperable patients but presented with similar disease severity as assessed by New York Heart Association (NYHA) functional class. This is consistent with findings from Bonderman et al, 27 in a retrospective analysis of 181 European CTEPH patients, and from Condliffe et al 15 in a retrospective study of 469 CTEPH patients from the United Kingdom. An increased awareness of pulmonary embolism and of CTEPH as a subsequent complication may be responsible for reduced time to diagnosis in both operable and nonoperable patients after the last acute pulmonary embolism event (12.5 months) and the symptom onset (14.1 months) compared with past studies reporting a diagnostic delay of several years. 28, 29 The symptoms preceding the diagnosis of CTEPH have been described previously, 1 and did not differ in the present study. Effective imaging technologies including conventional and CT pulmonary angiography were widely used to examine large-vessel occlusion, revealing a higher occurrence of proximal lesions in the group of patients that was operable.
Chronic thromboembolic pulmonary hypertension patients are characterized by numerous severe comorbidities. 14, 18, 30 In particular, chronic obstructive pulmonary disease was observed in as many as 9.5% of the patients. A history of splenectomy was more frequent in the CTEPH registry patients than reported in patients with other chronic pulmonary conditions, 30 and was frequently associated with nonoperability (ie, with a distal type of CTEPH or a significant comorbidity). This is in line with the postulated link between abnormal postsplenectomy erythrocyte activities or abnormal platelet activation and the development of a primarily distal CTEPH disease. 14, 30 A history of cancer was reported in this registry for Ͼ12% of the patients, which supports the concept that malignancy and/or treatment for malignancy could be a risk factor for CTEPH. 14 A thrombophilic disorder was present in nearly one third of the patients, and as reported previously, CTEPH patients were more likely to have a blood group other than 0 14 ; these observations were even more pronounced in the operable group. A number of inherited and acquired coagulation abnormalities have been identified in recent years that may contribute to the development of CTEPH. These include lupus anticoagulant and antiphospholipid antibodies; deficiencies of protein C, protein S, and antithrombin III; presence of factor V Leiden, and prothrom- bin gene mutations. 23, 31, 32 These abnormalities were identified in 27.7% of the registry patients and tended overall to be more frequent in operable patients in line with more impaired thromboemboli resolution. The current results confirm that antiphospholipid antibodies, along with lupus anticoagulant, 2 thrombophilic factors associated with recurrent thrombosis, 33, 34 are elevated in patients with CTEPH. However, a prothrombotic pathogenic mechanism involving Factor VIII in the development of CTEPH was not corroborated. 35 A detailed investigation of the risk factors involved in CTEPH will be the subject of a separate publication. This registry emphasizes the seriousness of the disease, with 62 patients out of 679 documented as having died during the observation period of the study (Ն10 months). It also reflects the changes that have occurred in the management of CTEPH over recent years, including the increasing success rate of PEA surgery and the availability of PAH-targeted therapies. The low in-hospital mortality rate of 4.7% after surgery reported here is in line with continuously improving surgical results in recent worldwide series. 8, 15, 27, 36 Although surgical intervention with PEA is the preferred treatment in eligible patients, CTEPH patients may benefit from the pharmacotherapy that has been developed for PAH. 10, 13 Despite the absence of robust data from randomized, controlled trials, the prescription of these medications, even in operable CTEPH, has increased over the past years. 15, 37 Jensen et al 37 reported an increase in patients treated with PAH-targeted therapies before PEA from 19.9% in 2005 to 37% in 2007. This change in prescribing practice is confirmed by the present registry, with 28.3% of the operable patients and 53.8% of the nonoperable patients initiating at least 1 PAH-targeted therapy at diagnosis. Because of unequal medical resources and/or possibly different medical practices, these percentages can be highly country dependent. Cautious use of PAHtargeted therapies is, however, endorsed by current guidelines 38 : Preoperative treatment has been reported to have minimal effect on pre-PEA hemodynamics and no effect on post-PEA outcome, 37 and may induce unnecessary delay to a potentially curative surgical intervention. 17 The limitations of the study are inherent to a registry design: Some assessments were not systematically collected, leading to underreporting (eg, blood groups and thrombotic risk factors). Given that most of the participating centers were referral centers for CTEPH and PEA, the proportion of operable patients may have been overestimated because of referral bias. Per country analyses have to be interpreted cautiously, because the number of patients in some countries could be small and not representative. Finally, no patient was excluded from the analysis even when not satisfying the inclusion criteria; as a consequence, 10 patients had no right heart catheterization.
Conclusions
The similarities between operable and nonoperable CTEPH patients necessitate a very careful diagnostic process with high-quality angiography and right heart catheterization hemodynamic evaluation to assess operability. Nevertheless, operable and nonoperable CTEPH patients may differ relative to the occurrence of associated medical conditions: In particular, thrombophilic disorders tend to be more frequent in operable patients, whereas splenectomy and cancer are more common in nonoperable patients. The registry data highlight the importance of previous venous thromboembolism events as a causal factor for the development of CTEPH, along with a significant role for associated medical risk factors as coexisting mechanisms in the disease process. A substantial number of patients (operable and nonoperable) are currently being treated with off-label treatments. The registry data also indicate that, whereas PEA can be performed with a low in-hospital mortality rate, operability rates may vary considerably across centers and countries. The indication for PEA is not clearly defined, and is dependent on the experience of the surgical team. With surgical progress constantly extending the selection of patients who can benefit from surgery, a consensus among experts is needed to reassess the criteria for operability. The ongoing 3-year follow-up of this large patient cohort will make it possible to evaluate the impact of the contemporary management of CTEPH on patient survival compared with published series.
